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(57) Abstract: Protective headgear (10) configured for protection of a portion of a wearer's head (62), including a resilient outer 
shell (16), a layered composite liner (18) including a multiplicity of deformable layers (52, 54, 56), each layer having a different 
stiffness than adjacent layers, and wherein a layer (54) has a higher stiffness than that of adjacent layers (52, 56) on either side, and 
a retention system (14) configured to resist upward/rearward rotation of the headgear with respect to the wearer's head to expose the 
forehead, due to hydrodynamic or aerodynamic forces. 



Protective Headgear for Whitewater Use 

This application claims priority of U.S. Provisional Application Serial No. 60/380,765 
filed May 15, 2002, and of U.S. Provisional Application Serial No. 60/405,946 filed August 
26, 2002 and the disclosures of each are hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to safety equipment for protecting the head of 
a human. More particularly, the present invention relates to protective headgear for reducing 
the probability of head injury and mitigating the effects of impacts to the area of the cranium. 

Related Art 

Protective headgear, in various forms, has been known for millennia. More recently, 
headgear suited for cranial protection in outdoor recreational activities, including biking, 
climbing, skydiving, skateboarding, rollerbladimg, skiing, snowboarding, and the like, have 
been developed. These typically include a shell configured to be impact resistant, and a liner, 
typically formed of a energy absorbing, and/or shock mitigating material, such as a foamed 
polymeric resin, and a retention system. The retention system typically comprises one or 
more straps which attach to the shell and extend down around at least a chin portion of the 
head of a wearer. A clasp, buckle or snap of some kind, or other means for releasably 
fastening the strap(s) so as to retain the headgear on the head of the wearer is usually 
provided. 

The shell is typically formed of an impact resistant and relatively hard material. This 
is to mitigate impacts by resisting penetration and spreading resistance to the impact force 
laterally from an impact point. Among the advantages this provides is enabling more of the 
liner to be brought into play in mitigating the impact, rather than relying on the portion of the 
liner directly below a point of impact. 

The liner typically is a closed cell foam or a combination of open and closed cell 
foams. Some liner systems are designed to convert impact energy to heat through 
deformation beyond the elastic limit of the material(s). Expanded polystyrene and other 
relatively rigid but progressively collapsible foamed resins are examples of such systems. 
Other systems are designed to shed energy by conversion to heat by deformation within the 
elastic range of the material(s). A combination of deformation within and without the elastic 
range is known. For example, some systems have a deformable layer adjacent the shell, and 
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an elastomeric layer between the head of the wearer and the deformable layer. This inner 
layer is often pads of an open cell foam (or a closed cell foam) adhesively attached to the 
deformable layer. The elastomeric layer also allows at least a small amount of adaptability to 
differing head sizes. Over-compression of the elastomeric foam can reduce its effectiveness 
5 somewhat, and a too-loose fitting helmet can shift and expose a portion of the head sought to 
be protected, so such liners, and shells, are sized for different sizes of heads, and only a 
limited amount of variation is accommodated. 

Typically the liner also serves, along with the shell, to spread impact forces laterally, 
to reduce the force per unit area on the head of the wearer. So at least some rigidity, or more 

10 properly shear force transfer, is desirable. But this must be balanced with the energy 

absorption properties to achieve good results. One approach taken to providing for this dual 
role of the liner is to provide a composite liner of differing material layers. An example of 
such a system has just been mentioned. At least one layer that has a higher shore hardness 
for spreading of the impact force, and at least one layer of lower shore hardness for 

1 5 absorption, or "cushioning" have been used. Liners having a multiplicity of layers are 
known. U.S. Patent No. 6,425,141 sets forth an example of such a system. 

The protective headgear can vary somewhat depending on the use to which it will be 
put. For example, protective helmets purpose designed for bicycle racing tend to be more 
aerodynamically shaped and ventilated than those designed with rock climbing or spelunking 

20 in mind. However, many helmet designs have typically been used in more than one activity. 
That is to say, there is a perception among some, that a helmet is a helmet, and the important 
thing is that a participant in an activity wear a helmet, not the particulars of the helmets 
design. 

While it is usually true than any helmet is better than no helmet, nevertheless, some 
25 factors that may affect helmet performance in one activity may not obtain in another, and so 
if a helmet is designed with the former in mind, the helmet may not be totally adequate in the 
latter. For example, in Whitewater sporting activities hydro dynamic forces can be very 
strong. The flow of water can shift a helmet on the head of the wearer, for example rotating 
it up and back, exposing the forehead area of the cranial portion of the wearers head intended 
30 to be protected. Such forces are not so important in skateboarding, hockey, rock climbing, 
etc. and are not typically a major concern in the design of helmets for such activities. 

However, a wearer of a helmet designed with skateboarding or rock climbing in mind 
may be at increased risk of injury or death due to shifting of the helmet if the helmet is worn 
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for head protection during kayaking or skydiving activities. For example, hydrodynamic or 
aerodynamic forces can shift such a helmet as discussed above. 

In the Whitewater sporting activity example, a non-fatal head injury can result in death 
due to secondary causes such as drowning or blunt-force trauma to other parts of the body 
5 which arise because the non-fatal head injury caused temporary unconsciousness and loss of 
breathing control and the ability to avoid hazards. Therefore, in this activity, protection of 
the head is if anything only more important because any head injury resulting in 
unconsciousness is potentially fatal due to secondary causes such as those mentioned. 

10 SUMMARY OF THE INVENTION 

It has been recognized that it would be advantageous to develop protective headgear 
suitable for the Whitewater environment. It is recognized that such headgear may have other 
applications. The inventors have accordingly provided for mitigation of heavy impacts and 
for mitigation of forces tending to shift the headgear to expose the forehead of the wearer. 

1 5 The invention provides a protective headgear configured for protection of a portion 

of a wearer's head, including a resilient outer shell, a layered composite liner including a 
multiplicity of deformable layers, each layer having a different stiffness than adjacent layers, 
and wherein a layer has a higher stiffness than that of adjacent layers on either side, and a 
retention system configured to resist upward/rearward rotation of the headgear with respect to 

20 the wearer's head to expose the forehead, due to hydrodynamic or aerodynamic forces. 

Additional features and advantages of the invention will be apparent from the detailed 
description which follows, taken in conjunction with the accompanying drawings, which 
together illustrate, by way of example, features of the invention. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a right side perspective view of protective headgear in accordance with an 
embodiment of the present invention (left side is a mirror image); 

FIG. 2 is a front perspective view of the headgear of FIG. 1 ; 

FIG. 3 is a bottom perspective view of the headgear of FIG. 1; 
30 FIG. 4 is an enlarged view of the area 4-4 identified in FIG. 3; 

FIG. 5 is a schematic diagram overlaid with a time distance plot illustrating impact 
wave propagation through the area identified in FIG. 4 as a result of an impact to the shell of 
the helmet of the headgear; 
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FIG. 6 is a schematic stress-strain diagram illustrating differences in relatively hard 
and soft layer materials of a composite layered liner system as shown in FIGs. 3, 4 and 5; and 

FIG. 7 is a schematic stress-strain diagram illustrating a hysteresis loop energy 
dissipation in a liner material shown in FIGs. 3,4, and 5. 

5 

DETAILED DESCRIPTION 

Reference will now be made to the exemplary embodiments, as are illustrated in the 
drawing figures and the following discussion. Specific language will be used herein to 
describe the same. It will nevertheless be understood that no limitation of the scope of the 

10 invention is thereby intended. 

As illustrated in FIGs. 1,2, and 3 protective headgear 10 comprising a helmet 12 and 
retention system 14, in accordance with the invention is configured for Whitewater activities. 
The helmet includes a shell 16 and a liner 18. The retention system includes, on each side, a 
nape strap portion 20 and a forward chin strap portion 22, as well as a rearward chin strap 

15 portion 24. A nape strap locator yoke 26 holds the nape strap in a location to engage a nape 
of a wearer's head (not shown). A nape rest pad 28 can be provided for increased comfort 
and to assist in retention, and cooperates with other structure in adjustment of the retention 
system as will be discussed below. 

The strap portions 20, 22, 24 are attached to the helmet 12 at a number of places, the 

20 locations being selected to assist in stabilizing the helmet on the head of a wearer. ITie 

rearward chin strap portion 24 comprising the rearward legs of a chin strap 30 on each of the 
left and right side of the helmet 12, is fixedly attached to the shell 16 by a fastener 32 on each 
side. The connection of the reward chin strap portion and the shell is located behind the ear 
of a wearer (not shown). The forward chin strap portion 22 on each side, comprising a 

25 forward leg of the chin strap, is connected in a slidable fashion to the shell by a loop of 

strapping 34 fixedly connected to the shell by a fastener 36. Now in each case the fasteners 
32, 36 can prevent or can allow rotation of the strap 24 or loop 34 about an axis through a 
point of connection, but in the case of the rearward strap portion the strap is prevented from 
relative translational movement with respect to the shell, whereas at the forward connection 

30 comprising the loop 34 and fastener 36, translational movement of the strap is allowed in the 
illustrated embodiment. By a fixed connection what is meant is that relative translational 
movement of the strap and the helmet is not allowed. The purpose of the slidable forward 
connection provided by the loop is that a force tending to move the helmet 12 upward with 
respect to the head of a wearer sets up an elliptical motion of the helmet about the chin and 
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nape of the neck; foci if you will, connected buy the strap comprising the forward leg 22 of 
the chin strap and rearward nape portion 20. This motion has a rearward component as well 
as an upward component. The rearward reaction component pushes the helmet inward closer 
to the head of a wearer, setting up increased factional resistance to upward/rearward motion. 
5 This has the result of tending to keep the helmet 12 from rotating upward and back with 
respect to the head in response to an upwardly directed external force as much as would 
otherwise be the case. This gives rise to increased resistance to such movement as a result of 
hydrodynamic or aerodynamic forces which would otherwise push the helmet up, out, and 
back, to expose the forehead to potential injury. 

10 The retention system also includes an adjustment strap 38 which releasably and 

adjustably attaches to the liner 18 via hook and loop fasteners and runs trough the nape strap 
locator yoke 26 with the nape strap. The position of the nape strap at its rearwardmost 
portion can be adjusted with respect to the helmet by moving ends of the adjustment strap 38 
to shorten or lengthen it. Further the nape strap locator yoke 26 can further comprise an 

15 adjustment feature 40 which allows it to move with respect to the helmet also. An upper 
portion 42 of the yoke is affixed to the shell 16, while a lower part 44 can be adjusted in 
position with respect to the helmet. This allows the head protection 10 to be worn by 
different persons. 

In addition to adjustability of the position of the nape strap, the chin strap can be 
20 adjusted, for example in a conventional manner by providing sliding buckles 46 allowing 

adjustment of the lengths of the nape strap portion 20 forward chin strap portion 22. rearward 
chin strap portion 24, etc. Further, a releasable clip connector buckle having male 48 and 
female 50 portions is provided for releasable attachment of the head protection system 10 to 
the head of a wearer. 

25 The liner 1 8 can be formed of one of a number of conventionally used materials, and 

further can comprise one, two, or a multiplicity of layers. With reference to FIGs 3 and 4, in 
one embodiment the liner can comprise a multiplicity of layers, and two adjoining layers can 
each have a different shore hardness. In one embodiment closed cell foam can be employed 
for one or more layers of the liner. Using closed cell foam can make the helmet more 

30 buoyant. 

In one embodiment impact energy dissipation is enhanced by using a three layer 
system for the liner 18. An outer layer 52 is relatively less hard than a middle layer 54, and 
less hard than the outer shell 16. The middle layer is more rigid than the outer layer, and an 
inner layer 56. The increased effectiveness can be explained in a number of ways. On one 



level, the increase in performance can be thought of as using one or more layers of relatively 
softer foam for energy dissipation, and one or more layers to assist the outer shell in 
distributing the impact force over a wider area, lowering the resulting accelerations at the 
wearer's head overall. On another, more analytical, level, the increase in performance can be 
5 attributed to better exploitation: of a) stress wave interactions; and b) hysteresis, in kinetic to 
heat energy conversion, dissipating impact forces to reduce the accelerations overall at an 
inner surface 58 of the inner layer 56 adjacent a wearer's cranium. 

With reference to FIG. 5, the response of a structure 60 which comprises multiple 
layers 16, 52, 54, 56 over a head 62 of a wearer to an impact loading is indicated 

10 schematically. This pseudo- time vs. distance plotting of the leading edges of stress waves 

superimposed on the structure is a convenient way to illustrate what happens when an impact- 
induced stress wave enters such a multi-layered system. 

By way of definitional background, the concept of a wave is familiar in settings such 
as water waves and sound waves in air. A wave is a mechanical, process wherein energy is 

1 5 transferred through a material. Although there is a relatively small local movement of 

material within the body of material through which the wave is passing as the wave passes 
by, the wave itself can travel all the way through the material, and can be reflected. For 
example ocean water molecules move a small amount in a generally circular path, as the 
wave passes through, but the wave itself can travel for miles and miles. The stress wave set 

20 into motion in the helmet structure 60 by an impact 64 occasioned by the collision of the shell 
16 with a hard surface (not shown) such as found on an object formed of rock, concrete, steel, 
or the like. The wave begins to propagate (move) into materials from which the helmet 
structure 60 is constructed. The stress wave interactions occur when this wave tries to move 
from one material to another, as discussed below. 

25 The layers in FIG. 5, moving from left to right, are: a) the hard shell 1 6 of the helmet 

structure 60; b) the relatively "soft" outermost layer 52 of energy absorbing foam; c) the 
relatively "hard" middle layer 54 of energy absorbing foam; d) the relatively "soft" innermost 
layer 56 of energy absorbing foam; and e) the wearer's head 62 which the helmet is 
protecting. The terms "soft" and "hard" are actually just a shorthand way of expressing the 

30 relative dynamic properties of these foam materials. 

With reference to FIG. 6, the stress vs. strain curves 66, 68, respectively, indicate the 
relative dynamic properties of the materials characterized as relatively more "soft" and 
relatively more "hard." The modulus of elasticity, E, is the slope of the stress strain curve, 
and it is emphasized that the curves are based on dynamic testing, not static testing. Static 



testing such as is done using a conventional Universal Testing Machine involves a static 
deformation which occurs over time following application of the force at the surface of the 
material. Dynamic testing as used herein means a suitable test involving an impact to the 
material to determine the rapidity with witch it can deform in response to an impact. 
5 A material property used to indicate its dynamic response is "Z" the dynamic 

impedance. Z is calculated as follows, remembering that E is the slope of the stress strain 
curve in FIG. 6, and p is the density of the material. The speed of the stress wave in the 
material is the square root of E/p. The dynamic impedance Z is p • c. Returning to FIG. 5, 
the relative sizes of Z at the interfaces 70, 72, 74, 76 between two materials (e.g. 52, 54) 

10 determines how a stress wave interacts at that boundary. For a propagating compressive 
wave such as is under consideration here, as a result of the impact 64, transitioning from a 
soft to hard material gives rise to compressive reflection, and from hard to soft gives rise to 
tensile reflection. In other words, when a compressive wave component reaches an interface 
72 where the wave, traveling in a softer material (i.e. a lower value of Z) 52 encounters a 

15 harder material (i.e. a higher value of Z) 54 the wave component that is reflected will be 
compressive. When a compressive wave component reaches an interface 74 wherein the 
wave, traveling in a harder material (i.e. a higher value of Z) 54 encounters a softer material 
(i.e. a lower value of Z) 56 the wave component that is reflected will be tensile. Similarly, a 
tensile wave component moving from a softer to a harder material will cause a tensile 

20 reflection, whereas a tensile wave component moving from a harder to a softer material will 
give rise to a compressive reflected wave component. 

These four possible types of interactions that can occur at the boundaries 70, 72, 74, 
76 between materials 16, 52, 54, 56, 62 are what give rise to the various interactions depicted. 
It can be seen that in the middle, or hard, layer 54 these interactions cause this material to be 

25 repeatedly cycled between compressive and tensile loading. It is this cycling which gives rise 
to the second principle involved in the energy dissipation, namely the hysteresis effect 
mentioned. 

With reference to FIG. 7, the hysteresis effect is schematically illustrated. The stress 
vs. strain curve 78 here, by way of example, indicates a material which is initially loaded 
30 (deformed) in compression. The path followed in this loading 80 -C-82, terminates at a point 
82 where the material begins to be unloaded, or in other words is exposed to a tensile stress. 
Then a material which exhibits the hysteresis effect will follow an unloading path such as 82 
-T- 84. The cross-hatched area 86 is proportional to the amount of energy that will be 
converted from kinetic energy to heat energy during this loading/unloading cycle in a 
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material which exhibits the hysteresis effect. Each time the material is caused to go through 
such a loading/unloading cycle, another quantity of energy will be converted due to the 
hysteresis effect. As will be appreciated the same principles apply in a material initially 
loaded in tension, and unloaded in compression, though the process is the reverse mirror 
5 image of the one just described. 

As will be appreciated with reference to FIG. 5, the middle "hard" layer is repeatedly 
subjected to this type of loading/unloading cycling because of the numerous stress wave 
interactions at the boundaries on both sides of this "sandwiched" layer of foam 54. The 
particular material selected for this layer should exhibit the hysteresis effect to a high degree 

10 to optimize the advantages of the design. The amplitude of a stress wave component which 
does finally propagate through the innermost layer 56 to the head 58 of the wearer is much 
reduced from that at the shell 16 at the point of impact. 

Environmental factors can have an effect on the performance of the materials as the 
modulus of elasticity E changes with temperature for most foamed polymers. Accordingly Z 

15 for each material layer also changes with temperature. Also, water penetration into open cell 
foams, felts, and the like can affect their energy absorption properties. It has been found 
that closed cell foams formed of elastomeric polymer resins are advantageous in that 
moisture does not penetrate significantly, they are inherently buoyant, lightweight, and 
insulative, so that temperature is more stable overall. Further, materials having stable 

20 properties over the range of temperature (0-120 degrees Fahrenheit, for example) are 
desirable, as this is the usual range over which they may be expected to be exposed in 
outdoor use. Also, cost is a factor, and in order to make helmets attractively priced and 
encourage their use, the lower the cost of the liner material the more desirable it will be from 
this perspective. 

25 Examples of materials for the various components which have been found to work 

well are as follows: 

Shell: ABS (Acrylonitrile Butadiene Styrene) 

Outermost layer: Ethylene Vinyl Acetate (EVA), moisture resistant, V 2 inch thickness 
Firmness rating :6 
30 Tensile strength 50 psi 

Compression (at 25% deflection) 5 psi 
Density 2 lbs per cubic foot 
Middle layer: Lunacell A EVA, X A inch thickness 
Shore 68 A 



Innermost layer: Lunairflex EVA, 5/16 inch thickness, minimum 
Shore 22 A 

Note that the innermost layer may be supplemented by additional padding thickness in 
some areas for custom fitting. It can be molded to fit the wearer, or trimmed to fit, or 
5 supplemented by add-on pads to aid in fitment. In one embodiment a range of sizes are 
provided to provide a reasonably good fit to nearly all wearers without customization. 

With reference again to FIGs. 1-3, these considerations give rise to an improved head 
protection system 10 in accordance with the invention, and provides advantages, particularly 
in Whitewater sports and other activities where the environment around the helmet 12 can 

10 tend to shift it with respect to the head of the wearer, exposing a portion of the wearer's head 
to possible injury from impacts with rocks and other hard objects. Because the probability of 
head injury and being knocked unconscious is reduced in proportion to the reduction in 
amplitude of the stress wave component reaching the head, which gives rise to lessened 
accelerations at the location of the wearer's head (not shown), improved safety for the wearer 

15 is made possible. Moreover, these advantages can be obtained at a reasonable cost of 
manufacture due to the nature of the materials used. The advantages in performance at 
reasonable cost can facilitate a decrease in injuiy and loss of life, as use of the protective 
headgear will be an attractive option to the user. 

It will be understood that the above-referenced arrangements are illustrative of the 

20 application for the principles of the present invention. It will be apparent to those of ordinary 
skill in the art that numerous modifications can be made without departing from the 
principles and concepts of the invention as set forth in the appended claims. 
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CLAIMS 

What is claimed is: 

1. Protective headgear configured for protection of a portion of a wearer's head, comprising: 

a shell, 

5 a layered composite liner including a multiplicity of deformable layers, each layer 

having a different stiffness than adjacent layers, and wherein a layer has a higher stiffness 
than that of adjacent layers on either side, 

a retention system configured to resist upward / rearward rotation of the headgear 
with respect to the wearer's head. 

10 

2. Protective headgear configured for protection of a portion of a wearer's head, comprising: 

a shell 
a liner, 

a retention system configured to resist upward- rearward rotation of the headgear with 
1 5 respect to the wearer's head due to fluid flow against the wearer's head and protective 
headgear. 

3. Protective headgear configured for use in Whitewater sporting activities, comprising: 

a shell; 
20 a liner; 

a retention system configured for resisting shifting of the headgear with respect to a 
wearer's head, connected to the shell at a forward attachment location and a rearward 
connection location, further comprising a strap configured to engage a rearward part of the 
wearer's head, slidingly attach to the shell at the forward attachment location and extend 
25 downward to a chin area of the wearer's head, and a strap which extends between the chin 
area and the shell and is fixedly attachable to the shell at the rearward attachment location. 

4. Protective headgear as in claim 1, made by a method comprising the steps of: 

forming a shell of impact resistant resilient material; 
30 lining the shell with a liner system having a multiplicity of layers of elastomeric 

material having different hardness; 

configuring the layers of the liner system so that a first layer of the multiplicity of 
layers is less stiff than a second layer disposed outside said first layer, and a third layer 
disposed outside said second layer is less stiff than said second layer; 
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attaching a retention system to the head gear; 

configuring the retention system so that an upward force on a front portion of the 
headgear produces an inward force tending to pull the front of the helmet inward toward the 
head. 

5 

5. A product by the process of claim 4, the process further comprising the steps of providing 
for retention of headgear on a wearer's head during a sporting activity wherein the headgear 
can be lifted upward and rearward with respect to the wearer's head, comprising: 

providing a helmet comprising an impact resistant shell and an impact mitigation 

10 liner; 

providing a forward attachment point on the helmet and a rearward attachment point 
on the helmet 

configuring a strap to engage a rear portion of the wearer's head, and to attach to the 
helmet at the forward attachment point and to extend down and engage a chin portion of a 
15 wearer's head, 

6. The product by process of claim 5, further comprising the step of configuring a strap to 
attach to a rear attachment point and to extend down to at least one of a chin portion and a 
rear portion of the wearer's head. 

20 7. The product by process of claim 6, further comprising the step of providing for a slidable 
attachment at the location of the front attachment point. 

25 
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